Purpose: We aimed to determine the impact of de novo vesicoureteral reflux (VUR) on postoperative urinary tract infection (UTI) and renal function in pediatric patients with ureteroceles.
INTRODUCTION
Obstructing ureteroceles in a single or duplicated renal system can trigger recurrent urinary tract infection (UTI), vesicoureteral reflux (VUR), voiding dysfunction, and even deterioration of renal function. Various surgical options have been proposed to prevent these adverse events, including upper pole partial nephrectomy with or without upper moiety ureterectomy and ureterocelectomy, lower moiety ureteral reimplantation, common sheath ureteral reimplantation, and transurethral incision and decompression of the ureterocele [1] . However, the best management strategy is still unknown owing to a lack of high-powered, randomized controlled trials comparing different surgical options.
Endoscopic puncture or incision of the ureterocele is the easiest and least invasive approach to managing ureteroceles in the pediatric population. The endoscopic approach seems to be the surgery of choice for selected patients, including those with intravesical ureteroceles [2] [3] [4] . Meanwhile, some studies have reported a low success rate of this approach with a high risk for subsequent procedures [3, 5, 6] . In these reports, concerns about the endoscopic puncture technique focus mainly on the high incidence of de novo VUR, up to 50% in the punctured moiety [7, 8] . It has been noted that preoperative and postoperative VUR are related to trigonal anatomical distortion, which frequently mandates secondary surgery [9, 10] . Some researchers insist that endoscopic surgery is unnecessary for preventing UTI [11] . Although modified techniques, such as fulguration of the internal mucosa of the ureterocele and the watering can procedure, have been introduced, the best method for preventing de novo VUR or UTI is still unknown, as is the causative relationship between de novo VUR and renal functional deterioration in the long term [12, 13] .
In patients with duplex systems, additional surgery could be saved only for those patients with symptoms, regardless of VUR status or upper pole function after successful decompression of a dilated upper urinary tract [14] . However, the necessity and clinical value of additional surgery in asymptomatic patients with de novo VUR has been poorly evaluated until recently. Therefore, this study aimed to determine the impact of de novo VUR on postoperative UTI and renal function in pediatric patients with ureteroceles.
MATERIALS AND METHODS
The medical records of all pediatric patients with a single or duplex system who underwent primary endoscopic puncture of an ureterocele by two surgeons at a tertiary referral center from 1995 to 2013 were reviewed retrospectively. The report was prepared following the guidelines of the Institutional Review Board of Asan Medical Center (approval number: 2015-0473). Ureteroceles were categorized as intravesical or ectopic according to inspection by the surgeon at the time of cystoscopy. Patient demographics, thorough medical history, presence and degree of hydronephrosis on ultrasound by Society for Fetal Urology (SFU) grade, differential renal function on diethylenetriaminepentaacetic acid renal scan, and presence of VUR on voiding cystourethrography (VCUG) in the preoperative and postoperative periods were evaluated in all patients.
The indications for endoscopic puncture were a huge ureterocele shown to obstruct the bladder outlet on VCUG, increasing hydronephrosis on serial ultrasound follow-up, or febrile UTI. Endoscopic puncture was performed by two different techniques according to the surgeon's preference: large, single punctures and multiple, small punctures ( Fig.  1) . Each procedure was performed through an 8 Fr pediatric cystoscope (Richard Wolf GmbH, Knittlingen, Germany) with Bugbee electrodes. For a large, single puncture, a hole through which an 8 Fr cystoscope could easily pass was made with a 5 Fr Bugbee electrode at the intravesical, inferomedial portion of the ureterocele just above the bladder neck. In the second method, small, multiple punctures through which an 8 Fr cystoscope could not easily pass were made at two or more sites using a 2 Fr Bugbee electrode at the inferomedial portion of the ureterocele until the ureterocele decompressed securely.
The primary endpoint of this study was to evaluate the (B) Small, multiple punctures were made at two or more sites using a 2 Fr Bugbee electrode at the inferomedial portion of the ureterocele until the ureterocele decompressed securely.
impact of de novo VUR on the occurrence of postoperative UTI and renal f unctional deterioration. All patients underwent renal and bladder ultrasounds at a median of 6 months after endoscopic treatment. VCUG and renal scan were performed 6 to 12 months after surgery or after febrile UTI. Decompression of hydronephrosis was defined as a downgrade of SFU grade in postoperative ultrasonography compared with the preoperative radiologic evaluation. De novo VUR was defined as newly developed VUR after the operation in the punctured moiety without preoperative reflux of the treated urinary system. The grade of VUR was classified according to the International Reflux Study grading system [15] . All radiologic studies were reviewed by pediatric radiologists at our institution. Primary success was defined as successful decompression of hydronephrosis after the procedure without the need for secondary interventions such as ureteral reimplantation, heminephrectomy, or repeat transurethral puncture. Long-term morbidity with UTI and renal functional deterioration were also evaluated.
Postoperative UTI was defined as a fever >38.0ºC with pyuria in urinalysis and positive urine culture or symptoms suggestive of a UTI confirmed by urine culture. Renal function was determined by MAG3 or dimercaptosuccinic acid renal scan. Renal functional deterioration was defined as a relative renal functional loss of more than 5% after the endoscopic surgery. Data are presented as frequencies and percentages for categorical variables and as medians and interquartile ranges for continuous variables. Comparisons between groups were performed by using the chi-square or Fisher's exact test and linear-by-linear association for qualitative variables and the Mann-Whitney test for quantitative variables. Binary logistic regression analysis was used to identify factors that predicted unfavorable surgical outcomes, such as primary surgical failure, postoperative UTI, or deterioration of renal function. All reported p-values are two-sided, and p<0.05 was considered statistically significant. Statistical analyses were performed using PASW Statistics ver. 18.0 (IBM Corp., Armonk, NY, USA).
RESULTS
A total of 36 renal units (34 patients) underwent primary endoscopic puncture of the ureterocele at our hospital during the study period. Of these renal units, 27 (75.0%) presented prenatally and 9 (25.0%) presented postnatally. The patients' median age at the time of operation was 3 months, and the median follow-up period was 36 months. The study population consisted of 27 females and 9 males. Twenty-two patients (64.7%) had a duplex system. Preoperative VUR was noted in 9 units (25.0%), including 3 patients without renal duplication (Table 1) . Female sex was dominant in the duplication group (90.9%) compared with the singlesystem group (50.0%). The incidence of any preoperative VUR to the ipsilateral or contralateral renal unit was not significantly different between the groups with a single system or a duplex system (21.4% vs. 27.3%, p=1.000). The duplication group showed more extravesical ureterocele than did the single-system group. However, the incidence of preoperative VUR was not significantly different between the intravesical and ectopic ureterocele groups (11.8% vs. 26.3%, p=0.451).
Voiding dysfunction was the initial presentation of ureterocele in four patients. All of those patients were boys; they underwent ureterocele puncture at the age of 92, 79, 83, and 2 months, respectively. Three older children suffered from weak stream, straining, and frequency, whereas one infant showed oliguria and irritability as a chief complaint. All three children were free of symptoms immediately after the operation. One infant suffered one more episode of voiding difficulty but improved after transient urethral catheterization and was symptom-free afterward.
Clinical outcomes between the groups with a single or duplication system, such as postoperative UTI, secondary operation, and renal functional deterioration rate, were comparable (Table 2 ). However, the success rate was significantly higher in the single-system group, which could be explained by the higher rate of secondary operation in the duplication group. The incidence of any postoperative VUR overall was not significantly different between the single-system and duplication-system groups (50.0% vs. 77.3%, p=0.148). De novo VUR developed in 18 renal units (50.0%) postoperatively. Meanwhile, newly appeared lower moiety VUR developed in 2 renal units (5.6%). Postoperative UTI developed more frequently in patients with a duplication system (54.5%) than in those with a single system (21.4%), but this difference was not statistically significant (p=0.083). Four patients (11. 1%) showed a decrease in renal function as shown on the renal scan after endoscopic surgery. Although de novo VUR occurred more frequently in the single, large puncture group than in the multiple, small puncture group (55.6% vs. 11.1%, p=0.026), de novo VUR was not related with unfavorable surgical outcomes, such as primary surgical failure, postoperative UTI, secondary operation, or deterioration of renal function in univariate and multivariate analyses ( Table 3 ). The incidence of any postoperative VUR including contralateral VUR and lower moiety VUR (persisting or newly appeared postoperatively) was also not related with unfavorable surgical outcomes. Even after selecting for the 27 renal units without preoperative VUR, the rate of postoperative UTI was high but similar between cases with and without de novo VUR (40.0% vs. 41.7%). The occurrence of de novo VUR had no predictive value for primary success, secondary operation, or renal functional deterioration in renal units without preoperative VUR. Moreover, among the 14 renal units with a single system, de novo VUR had no predictive value for any of these adverse outcomes. By contrast, among the 22 renal units with renal duplication, a total of 9 renal units did require further interventions for insufficient ureterocele decompression or VUR. The success rate was slightly higher in the intravesical ureterocele group than in the ectopic group, but this difference was not statistically significant (64.7% vs. 57.9%, p=0.742). Of the 14 renal units with a single system, 5 ectopic ureters were all successfully treated with ureterocele decompression without the need for additional surgery. Three renal units required re-puncture for persistent dilatation of the ureterocele, while two renal units underwent successive reimplantation due to recurrent UTI or high-grade VUR, as shown in Table 4 .
In binary logistic regression analyses, renal duplication was the only signif icant factor negatively associated with the primary success of endoscopic surgery. However, postoperative UTI, secondary operation, and renal functional deterioration were not related with renal duplication (Table  3) .
DISCUSSION
Optimal ureterocele management remains a subject of debate, as it is difficult to directly compare and standardize the diverse surgical options in these cases that vary from minimally invasive endoscopic treatment to complicated major surgery [1] . Nevertheless, endoscopic surgery is widely used as an initial treatment, because it is the least invasive procedure and is a definitive treatment to decompress obstructive ureteroceles and prevent unfavorable sequelae, such as UTI [16] . The main weakness of endoscopic surgery is the possibility of reoperation or secondary operation, such as ureteral reimplantation or hemi-nephrectomy of the upper moiety in a duplex system [17, 18] . The best method for preventing de novo VUR or a subsequent operation is currently unknown. Moreover, there has been minimal research on the causative relationship between de novo VUR and renal functional deterioration over the long term [12, 13] . Therefore, it is noteworthy that in our present study, de novo VUR after endoscopic surgery was not found to be related to primary success, postoperative UTI, secondary operation, or renal functional deterioration. VUR occurs in 50% to 75% of patients with ureteroceles in duplicated renal systems, either primarily or secondary to endoscopic therapy [1, 13] . The high incidence of de novo VUR causes many urologists to correct the VUR for fear of consequences such as a decrease in renal function [10, 19] . However, Di Renzo et al. [4] found that de novo VUR resulted in subsequent surgery in only 11% of the patients in their study. Castagnetti et al. [20] reported a VUR incidence rate of 32% but a reoperation rate of only 5%. Furthermore, similar rates of spontaneous VUR resolution after endoscopic puncture have been reported by multiple groups (40%-59%) [21] [22] [23] . Adorisio et al. [2] reported spontaneous resolution in 13 of 19 refluxing units (68%) in 46 patients with a ureterocele in a duplex system. Of the 27 renal units without preoperative VUR in our current study, 15 (55.6%) developed de novo VUR. Among these 15 renal units, 9 (60.0%) did not need a secondary operation, which was not significantly different from the secondary operation rate (66.7%) in the 12 patients in our current series without de novo VUR. Moreover, the occurrence of de novo VUR had no predictive value for postoperative febrile UTI or renal functional deterioration.
Preoperative VCUG is essential for evaluating the anatomy of the ureterocele, bladder morphology, and possible bladder outlet obstruction during voiding. Preoperative VCUG is also necessary to identify any VUR and to decide whether to start antibiotic prophylaxis if needed, even in patients with a single-system ureterocele. According to the present study, however, postoperative VCUG might be spared in those who develop postoperative febrile UTI. This result is consistent with previous reports suggesting that de novo VUR can be managed without treatment in a significant number of cases [4] . Therefore, a hasty decision to perform lower tract reconstruction in patients with a ureterocele in a duplex system with associated VUR should be avoided. Nevertheless, the intention of this study is not to recommend that endoscopic surgery is the universal remedy for patients with ureterocele. Rather, we claim that judicious use of not only endoscopic surgery but also reconstructive surgery is necessary for these patients.
One of the remarkable results of our present study was that the postoperative rate of UTI in patients without preoperative VUR was high but similar between cases with and without de novo VUR (40.0% vs. 41.7%). The postoperative rate of UTI was not significantly different between patients with and without a preoperative UTI history (60.0% vs. 34.6%, p=0.260). Of the five patients in our current series who had a postoperative UTI without de novo VUR, three cases had symptomatic cystitis with urinary frequency or dysuria without fever. Endoscopic puncture of the ureterocele often results in a large ureterocele flap volume in situ. Although bladder dysfunction associated with ureteroceles remains unclear, some studies have suggested that a muscular defect at the bladder neck and trigonal anatomical distortion might cause bladder dysfunction [24] [25] [26] . Therefore, cystitis in patients with a decompressed ureterocele in situ is not unexpected.
We showed that the success rate was slightly higher in the intravesical ureterocele group than in the ectopic group, but this difference was not statistically significant (64.7% vs. 57.9%, p=0.742). Sander et al. [27] similarly reported that patients with ectopic ureteroceles showed a higher rate of secondary surgery than did patients with intravesical ureteroceles (80.8% vs. 67.7%, p=0.3681). In their cohort, there were no patients with extravesical single-system ureters. By contrast, five ectopic ureters in a single system among our cohort showed a successful outcome. In a meta-analysis reported by Byun and Merguerian [9] , the reoperation rate was significantly higher in patients with ectopic ureteroceles after a pooled analysis.
We compared two different endoscopic puncture techniques in the present study. The clinical outcomes, such as postoperative UTI, secondary operation, and renal functional deterioration rate, were comparable between the two techniques. At first, we hypothesized that the multiple, small puncture technique might lower the possibility of de novo VUR compared with the single, large puncture technique, accomplishing successful decompression of the ureterocele and decreasing the incidence of secondary operations and renal functional deterioration. As expected, the rate of de novo VUR was found to be lower in our multiple, small puncture group. However, this was not associated with subsequent surgery or poor renal function. Similarly, Palmer et al. [13] compared the incision technique and the puncture technique using a holmium laser to make 10 to 20 holes. They concluded that the multiple-puncture technique results in a decreased incidence of de novo VUR, consistent with our current result. However, those authors also reported fewer secondary invasive procedures af ter endoscopic surgery with the multiple-puncture technique than with the single-incision technique. Indications for subsequent anti-reflux surgery in the study of Palmer and colleagues were de novo VUR in the ureterocele moiety, the ipsilateral moiety, and the contralateral renal unit. It is possible that the rate of secondary surgery would have been similar in the two groups in their study if VUR had been allowed to resolve spontaneously. Nevertheless, we agree that it is reasonable to make every effort to minimize de novo VUR at the time of ureterocele puncture, because the large puncture technique did not have benefit for the resolution rate of hydronephrosis but showed a lower rate of de novo VUR, although the clinical impact of de novo VUR was less than expected.
The limitations of our study included the nonrandomized and retrospective nature of the analysis, meaning that the size, location, and number of holes were not standardized between patients in each group. We used a Bugbee electrode to puncture the wall of the ureterocele. However, it is more difficult to make small holes with a 3 Fr electrode than with a holmium laser. This difficulty might have increased the incidence of de novo VUR in our small, multiplepuncture group. Nevertheless, the rate of de novo VUR was lower in our multiple-puncture group than in our single, large puncture group. The small sample size was another limitation of our present analyses. Well-designed, randomized, prospective, multi-center studies are required in the future to determine the optimal management of obstructive ureteroceles.
CONCLUSIONS
The incidence of de novo VUR after endoscopic treatment of ureterocele is 50% overall and 59.1% in the duplicated system. However, de novo VUR is not signi ficantly associated with postoperative UTI or renal functional deterioration in the long term. It may not, therefore, be necessary to perform lower urinary tract reconstruction routinely to correct de novo VUR after endoscopic puncture of the ureterocele.
